ST. LOUIS. The vast majority of suppurations of the temporal bone are secondary to an inflammatory process in some part of the auditory apparatus. In discussing the causation of these suppurations, I will take up the etiology of acute middle ear suppurations, chronic middle ear suppurations, mastoiditis, and the suppurations of the labyrinth.
While it is admitted by some that a purulent exudative process may exist without the presence of pyogenic bacteria or at least without its being possible to demonstrate their presence, it may be safely stated, that practically all suppurative conditions of the temporal bone are due to the invasion and action of pathogenic bacteria. The bacteriology of the subject is to be taken up in the paper that is to follow. Therefore, I will deal only with the mode of invasion and the predisposing causes.
The invasion of 'the middle ear may take place through the Eustachian tube, through the external auditory canal, by way of the blood or lymph channels, by way of the labyrinth and along the sheaths of the auditory and facial nerves, and from traumatism.
Invasion through the Eustachian tube is the most frequent. Infectious material may be carried by direct extension from continuity of tissue, or may be forced into the tympanum by air or fluids. Inflammatory conditions of the nose and nasopharynx frequently extend through the Eustachian tube into the middle ear by continuity of tissue. This extension of an inflammation or the invasion of the middle ear, is favored by the presence of nasal and nasopharyngeal obstructions with their attendant condition of persistent congestion of the mucous lining of the tube and typanum. These obstructions may not only interfere with the normal ventilation of the tympanic cavity, thus retarding or obstructing the venous circulation, with Tesultant exudation into the middle ear cavity. This exudation may become infected, as under these circumstances it offers a favorable medium for the development of pathogenic microorganisms, which, according to Hasslauer, may be present even in the normal middle ear, or which may have gained entrance from the pharynx.
The infection of the middle ear by the air, may take place when attempts are made to clear the nasal passages by forcibly "blowing the nose" when the nose or nasopharynx contains infectious material. This may also occur through the use of the Politzer method of inflation, or when the catheter is employed. Infection through the medium of fluids entering the middle ear through the Eustachian tube, occurs most often from the faulty methods in using the nasal and postnasal douche; through the practice of snuffing up fluids into the nose, or while bathing some of the fluids may accidentally enter the nose and mouth, and find its way into the Eustachian tube. This, I have found to be a rather frequent cause of suppurative otitis media; and in most cases it was determined that the patient had visited one of the indoor swimming pools.
There are a number of acute suppurations of the middle ear which have their origin in the nasal cavities, and which are the result of operative interference. During the period when the electrocautery was so indiscriminately employed in the nose and pharynx, acute middle ear suppurations were frequent sequels; and even to-day this may occur in spite of all precautions. Packing the nasal passages after operative procedures may also be the cause of an acute otitis media; especially if the tampon is allowed to remain in position for too long a time. I have known of a number of instances where an otitis media followed the removal of adenoids and tonsils.
Infection of the middle ear through the external auditory canal, may occur as a result of solution of continuity of the drum membrane, either by traumatism or by the action of an inflammatory process, or through the Rivinian segment. Traumatic perforations, the result of direct or indirect violence, with primary or secondary infection, are not infrequent sources of middle ear suppurations; otitis externa withIts extension, according to Dench, through the Rivinian segment, is also a cause of otitis media. More rarely, the development of a vegetable fungus in the auditory canal may lead to a destruction of the drum membrane, with secondary involvement of the mid-die ear. The contact of cold water or cold air if continued for a sufficient length of time, may cause an inflammation of the drum membrane with secondary middle ear involvement. Hot water or other irritating fluids poured into the external auditory canal, may produce the same result. Unskilled efforts at removing foreign bodies from the external auditory canal, have resulted in injury to the drum membrane with infection of the middle ear.
Infection of the middle ear by way of the blood and lymph channels, may take place in diphtheria, measles, scarlet fever, tuberculosis, influenza and endocarditis. The infection of the middle ear through the labyrinth or by way of the facial and auditory nerves occurs very rarely, but it may occur in cerebrospinal meningitis or from a meningitis from other causes.
Acute suppurations of the middle ear occur most often in children. The underlying factors accounting for the prevalence of the acute middle ear suppurations in children are, according to Kopetsky:
1. Constitutional diseases, and the hereditary influence of tuberculosis and syphilis.
2. The prevalence of the exanthemata during childhood. 3. Anatomic structures peculiar to childhood in the ear and its adnexa.
Among the general diseases given as predisposing causes are, rachitis, bronchopneumonia, the gastrointestinal derangements, or any disease which may weaken the body resistance. Kopetsky with Koerner holds that predisposing factors are tuberculosis or syphilis in the parent; the children themselves not necessarily being either tuberculous or syphilitic.
Primary tuberculosis of the middle ear is a comparatively rare affection. It is most often encountered as a primary disease in the mastoid. A secondary invasion of the middle ear through the Eustachian tube, is not infrequent in older patients, and is seen most frequently in patients with pulmonary tuberculosis; especially during the last stage.
Syphilis, according to Politzer, may also be the cause of a middle ear suppuration; the specific virus entering the middle ear through the Eustachian tube. It occurs most often as a consequence of a syphilitic nasopharyngeal affection which directly involves the tube.
The exanthemata are among the most frequent causes of acute middle ear suppurations, and of these, scarlet fever is the most frequent and destructive in its effect. According to the views of the majority of investigators, the otitis is most often of a secondary nature, and the infection enters through the Eustachian tube, though it is not impossible that the specific inflammation may involve the pharynx, tube, and tympanum synchronously. In some cases the pharynx is not involved, showing that the infection enters by way of the blood or lymph channels. Levy describes a case of scarlatinal otitis which appeared seven days prior to the eruption. In spite of an early paracentesis the mastoid became involved and operative interference was necessary. The otitis media that occurs in the later stages of scarlet fever runs a much milder course. According to Bezold, one-half per cent of all ear diseases are due to scarlet fever; and in from 20 to 30 per cent of all cases of scarlet fever there is an involvement of the middle ear.
Measles is considered as the next most frequent cause. The characteristic inflammatory macules (in the early stages of the disease) have been found on the tympanic mucous membrane; coincidently with their appearance in the mouth and nasopharynx, and so are not secondary to an inflammatory condition of the nasopharynx. Later in the disease, an infection may take place as the result of an inflammatory process in the nasopharynx.
Diphtheria is also a frequent cause of middle ear suppurations. It rarely occurs as a primary affection of the middle ear. According to Hasslauer, there have been only three bona fide cases reported; namely, those by Krepuskas, Lewin, Gruenert and Schilling. The other cases occur as a secondary involvement through the Eustachian tube.
Influenza is also a frequent cause of acute suppurative otitis media. The infection may enter by way of the blood or lymph channels, and the otitis occur during the first or second day of the disease; or it may occur later, as the result of an infection entering through the Eustachian tube after the disease has practically run its course.
An acute suppurati.ve otitis may also be the result of the direct extension of an inflamed parotid gland, as it occurs in mumps. This extension occurs through the glaserian fissure; or it may occur secondarily from the inflammatory affection of the pharynx and nasopharynx, which sometimes occurs in this disease.
According to Bezold, acute otitis media occurs in from 2 to 4 per cent. of all cases of typhoid fever. The ear involvement occurs in the fourth or fifth week, and may be the result of a pharyngitis or of septic material being blown into the ear in an effort at clearing the nasal passages; or the infection may enter by way of the blood current from an endocarditis or from collections of pus in some other part of the body. The anatomic structures peculiar to children, which, according to Kopetsky, are factors in tending to cause the prevalence of middle ear suppurations are: the adenoid tissue, the short and wide lumen of the Eustachian tube, and the embryonal character of the contents of the middle ear. He considers that the normal adenoid acts as a barrier to the entrance of particles of food into the Eustachian tube in infants. On the other hand, the effect of the diseased or hypertrophied pharyngeal tonsil with its secretion of ropy mucus and resulting congestion of the pharynx, offers an attractive place for the development of pathogenic microorganisms. Aside from the local effect of obstruction, their influence on the general economy by reducing its resistance, makes the presence of adenoids a most potent factor in the causation of middle ear suppurations.
All writers agree that the widely open lumen of the Eustachian tube, as well as its shortness and horizontal direction as present in children, favors the invasion of infectious material into the middle ear. The retrogressive changes that take place in the embryonal tissue in the middle ear of infants, also furnish, according to Weiss, Preysing, Kopetsky and others, soil for the development of pathogenic bacteria.
Chronic suppurative otitis media is usually regarded as a sequel to acute suppurative otitis media. An exception occurs in tuberculosis; as in this affection the process may appear with a chronic character from the beginning. Just when an acute case passes into a chronic one, is not easy to determine; but after a suppuration has continued for two to three months, it is usually regarded as chronic. The general conditions that influence or cause the transition of an acute into a chronic case are, constitutional diseases which tend to lower the resistance of the patient, such as tuberculosis, syphilis, anemia and marasmus. The conditions which are important local causes of middle ear suppuration are, according to Politzer, 1. The granulations and polypoid growths of the mucous membrane of the tympanic cavity and on the membrana tympani, which develop in the acute stage. 2. The retention and caseation of the puru-lent secretion in the lateral concavities of the tympanum, in the depression of the petrous bone, and in the cells of the mastoid process. 3. Caries which is developed in the mastoid or in another portion of the temporal bone during the acute course of the disease. 4. Chronic inflammations of the external ear, as is sometimes the case in erysipelas and chronic eczema. 5. Chronic blennorrhea of the mucous membrane of the nasopharynx and ozena.
Just what part the microorganisms play in the development of a chronic suppurative otitis is not definitely known, though an otitis occurring during the course of scarlet fever and diphtheria is more apt to be chronic. There can be no doubt that a number of acute cases become chronic as a result of improper treatment and unhygienic surroundings.
Inflammations of the mastoid process may occur during the course of an acute or chronic middle ear suppuration; or they may be primary and the result of traurnatisms. The inflammation of the mastoid occurring during the course of acute chronic middle ear suppurations is due to insufficient drainage, either because of the opening of the drum membrane being inadequate for the accumulated discharge, or from a blocking off of the communication between the mastoid cells and the middle ear. If the views of Politzer are accepted, the mastoid process contains pus in every case of acute suppurative otitis media, and so long as the communication between the antrum and the mastoid cells is free, stagnation of the secretions in the mastoid does not take place, and no reactive symptoms are produced; however, it can be easily understood that if the opening is small, a swelling of the mucous lining of the cells alone may produce an occlusion with stagnation, and as a result, the osseous tissues may become involved. Other causes which tend to mastoid involvement during middle ear suppurations are; exposures to wet and cold, the forcible injections of fluid into the ear, or the employment of the air douche. The experiments of Schutz on the cadaver, have proven that the employment of the air douche in an acute otitis media when the perforation in the drum membrane is small, is a dangerous procedure, as some of the pus may be forced into the mastoid cells. In seventeen of the eighteen cases on which experiments were made, when the perforation in the drum membrane was small, the stained pus placed in the middle ear through this small opening, was found in the remotest cells of the mastoid after catheter inflation, but he found the pus in only one of sixteen in which the same experiment was made in the presence of a large opening in the drum membrane. The occurrence of mastoid involvement is frequently seen in certain infectious diseases, as in scarlet fever, measles, diphtheria and influenza. The conditions which favor the extension of a chronic middle ear suppuration into the mastoid cells are; narrowing of the external canal, the presence of polypi and granulations and the formation of cholesteatomatous masses, as these interfere with drainage and lead to caries and necrosis of the bone.
Primary inflammations of the mastoid are mostly the result of traumatisms. Tuberculosis is, according to Henrici a comparatively frequent cause in children. He found that one case out of every five mastoid cases operated upon by him, were tubercular; and he believes that the majority were primary. Isemer believes that 13 per cent. of all mastoid cases in children are tubercular, and half of those are primary. Haike demonstrated that out of five cases of tuberculosis of the mastoid examined by him, three were primary.
It is possible that a number of so-called cases of primary mastoiditis are really secondary to a middle ear involvement, so slig-ht as to be overlooked.
The invasion of the labyrinth may take place through the middle ear, by way of the blood and lymph channels, from the cranial cavity by way of the aqueducts, the facial and auditory nerves, and through trauma. The great majority of labyrinth suppurations result from the extension of middle ear suppurations. In the, acute otitis media due to scarlet fever, measles. diphtheria and influenza, such extension is more apt to occur. In the chronic cases, tuberculosis and cholesteatoma play an active part. This extension may take place through the anastomosing vessels of the middle ear and labyrinth, or through a destruction of the bone from inflammatory processes. The labyrinth capsule may also be opened during operation on the middle ear, or penetrated by foreign bodies entering through the middle ear. According to Hinsberg, the most frequent paths of entrance for this infection, are the round and oval windows, the promontory and the horizontal semicircular canal.
The invasion of the labyrinth by way of the blood and lymph channels, as it occurs in mumps, and the invasion from the cranial cavity by way of the aqueducts and nerves, as well as in fractures of the temporal bone, are less important from a surgical point of view.
Regarding the frequency of labyrinth suppurations, Friedrich states-that the labyrinth is involved in about 1 per cent of all the cases of middle ear suppurations; but as our knowledge of this subject increases, it will be found that the percentage of labyrinth suppurations will possibly be increased.
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